Design, synthesis, and biological evaluation of Celastrol derivatives targeting Nur77 by 朱怡
  
学校编码：10384                                             分类号__密级__ 








硕  士  学  位  论  文 




Design, synthesis, and biological evaluation of Celastrol 





              曾志平助理教授 
专  业 名 称：药物化学 
论文提交日期：2017年 5月 
论文答辩时间：2017年 5月 11日 
学位授予日期：    
  
答辩委员会主席：   
评阅人：   
 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的资助，




































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















摘要 .................................................................................................................................. I 
Abstract ......................................................................................................................... II 
第一章 绪论 ................................................................................................................ 1 
1.1 前言 .............................................................................................................. 1 
1.2 核受体 .......................................................................................................... 2 
1.3 孤儿核受体 Nur77 与疾病 ......................................................................... 3 
1.4   Nur77 相关配体的研究进展 ..................................................................... 6 
1.5 雷公藤红素及其衍生物在疾病治疗方面的研究进展 .............................. 8 
1.6 本文的研究目的与意义 ............................................................................ 11 
第二章 针对靶点 Nur77 的雷公藤红素衍生物的设计 ............................. 13 
第三章 基于传统方法的雷公藤红素衍生物的合成 ................................... 15 
3.1 主要实验仪器、试剂及分析分离方法 .................................................... 15 
3.1.1   主要实验仪器 .................................................................................. 15 
3.1.2   实验试剂 .......................................................................................... 15 
3.1.3   分析分离方法 .................................................................................. 16 
3.2 合成路线 .................................................................................................... 16 
3.2.1  20 位羧基端酯化反应 ........................................................................ 16 
3.2.2  20 位羧基端酰胺化反应 ................................................................... 17 
3.2.3  3 位羟基端的酯化反应 ..................................................................... 17 
3.2.4  6 位加成及还原反应 ......................................................................... 18 
3.3 实验数据 .................................................................................................... 20 
3.4 实验讨论 .................................................................................................... 24 
3.4.1  酯化反应 ............................................................................................ 24 
3.4.2  酰胺化反应 ........................................................................................ 25 















第四章 基于传统方法的雷公藤红素衍生物的生物活性评价 ................ 26 
4.1 实验仪器与试剂 ........................................................................................ 26 
4.1.1  实验细胞 ............................................................................................ 26 
4.1.2  实验仪器 ............................................................................................ 26 
4.1.3  实验试剂 ............................................................................................ 27 
4.2 雷公藤红素衍生物与 Nur77 的结合活性 ............................................. 28 
4.2.1  实验原理 ............................................................................................ 28 
4.2.2  实验结果 ............................................................................................ 29 
4.3 雷公藤红素衍生物的细胞毒活性分析 .................................................... 30 
4.3.1  实验原理 ............................................................................................ 30 
4.3.2  实验结果 ............................................................................................ 31 
4.4 雷公藤红素衍生物荧光素酶报告基因结果分析 .................................... 32 
4.4.1  实验原理 ............................................................................................ 32 
4.4.2  实验结果 ............................................................................................ 32 
4.5 雷公藤红素衍生物肿瘤细胞凋亡结果分析 ............................................ 33 
4.5.1  实验原理 ............................................................................................ 33 
4.5.2  实验结果 ............................................................................................ 33 
第五章 雷公藤红素与吲哚加成反应的方法学研究 ................................... 36 
5.1 研究背景 .................................................................................................... 36 
5.2 主要实验仪器、试剂及分析分离方法 .................................................... 37 
5.2.1  主要实验仪器 .................................................................................... 37 
5.2.2  实验试剂 ............................................................................................ 38 
5.2.3  实验方法 ............................................................................................ 38 
5.3 雷公藤红素与吲哚加成反应方法的建立 ................................................ 38 
5.3.1  标准曲线的建立 ................................................................................ 38 
5.3.2  不同催化剂对反应的影响 ................................................................ 40 
5.3.3  不同溶剂对反应的影响 .................................................................... 41 















5.3.5  反应物吲哚的量对反应的影响 ........................................................ 42 
5.3.6  催化剂的量对反应的影响 ................................................................ 43 
5.4 合成路线及方法 ........................................................................................ 43 
5.4.1  总合成路线 ........................................................................................ 43 
5.4.2  合成步骤 ............................................................................................ 44 
5.5 实验数据 .................................................................................................... 44 
5.6 实验讨论 .................................................................................................... 63 
第六章 全文总结与展望 ....................................................................................... 66 
6.1 雷公藤红素 ................................................................................................ 66 
6.2 雷公藤红素衍生物的设计 ........................................................................ 66 
6.3 生物活性分析 ............................................................................................ 66 
6.4 雷公藤红素与吲哚加成方法学研究 ........................................................ 67 
6.5 展望 ............................................................................................................ 67 
参考文献 ..................................................................................................................... 68 
附录 雷公藤红素衍生物 1H-NMR，13C-NMR，HR-MS 图谱 .............. 73 
硕士期间发表论文 .................................................................................................. 97 























  Contents 
Lists of Abbreviation  ....................................................................................................... I 
Abstract in Chinese ............................................................................................................ I 
Abstract in English ........................................................................................................... II 
Chapter 1  Introduction ................................................................................................ 1 
1.1 Review...................................................................................................................... 1 
1.2 Overview of Nuclear Receptor .............................................................................. 2 
1.3 Nuclear Receptor Nur77 and Disease ................................................................... 3 
1.4 Research Progress of Ligands targeting Nur77 .................................................. 6 
1.5 The Relationship between Celastrol and its Derivatives and Diseases .............. 8 
1.6 Aim and Meaning ................................................................................................. 11 
Chapter 2  Design of Derivatives of Celastrol Targeting Nur77 .................. 13 
Chapter 3  Derivatives of Celastrol Based on Traditional Syntheic Method
 ................................................................................................................................................ 15 
3.1 Experimental Instruments, Reagents and Methods .......................................... 15 
3.1.1  Experimental instruments ........................................................................... 15 
3.1.2  Experimental reagents ................................................................................ 15 
3.1.3  Seperation methods .................................................................................... 16 
3.2 The Synthetic Routes and Experimental Data................................................... 16 
3.2.1  Esterification of carboxyl of Celastrol ........................................................ 16 
3.2.2  Amidation of carboxyl of Celastrol ............................................................ 17 
3.2.3  Esterification of hydroxyl of Celastrol ....................................................... 17 
3.2.4  Addition and reduction of C6 position of Celastrol ................................... 18 
3.3 Experimental Data ............................................................................................... 20 
3.4 Discussion .............................................................................................................. 24 
3.4.1  Esterification .............................................................................................. 24 
3.4.2  Amidation ................................................................................................... 25 
3.4.3  Pd-C Reduction .......................................................................................... 25 
Chapter 4  Biological Evaluation of Derivatives of Celastrol Based on 
Traditional Synthetic method ............................................................................. 26 















4.1.1 Experimental cell ....................................................................................... 26 
4.1.2  Experimental instruments ........................................................................... 26 
4.1.3  Experimental reagents ................................................................................ 27 
4.2 The Binding Activity Between Derivatives of Celastrol and Nur77 ................ 28 
4.2.1 Experimental priciples ............................................................................... 28 
4.2.2  Experimental results ................................................................................... 29 
4.3 The Cytotoxic Activities Study of Derivatives of Celastrol ............................... 30 
4.3.1 Experimental priciples ............................................................................... 30 
4.3.2  Experimental results ................................................................................... 31 
4.4 The Reporter Assay Study of Derivatives of Celastrol...................................... 32 
4.4.1 Experimental priciples ............................................................................... 32 
4.4.2  Experimental results ................................................................................... 32 
4.5 The Tumor Cell Apostosis Study of Derivatives of Celastrol ........................... 33 
4.5.1 Experimental priciples ............................................................................... 33 
4.5.2  Experimental results ................................................................................... 33 
Chapter 5  Methodological Research of Addition of Celastrol and Indoles
 ................................................................................................................................................ 36 
5.1 Background ........................................................................................................... 36 
5.2 Experimental Instruments, Reagents and Methods .......................................... 37 
5.2.1 Experimental Instruments .......................................................................... 37 
5.2.2  Experimental Reagents ............................................................................... 38 
5.2.3  Experimental Methods ............................................................................... 38 
5.3 The Establishment of Reaction Methods ........................................................... 38 
5.3.1  The establishment of standard curve .......................................................... 38 
5.3.2  Effects of different catalysts on the reaction .............................................. 40 
5.3.3  Effect of different solvents on the reaction ................................................ 41 
5.3.4  Reaction time on reaction ........................................................................... 42 
5.3.5  The effect of the amount of reactant indole on the reaction ....................... 42 
5.3.6  The effect of the amount of catalyst on the reaction .................................. 43 
5.4 The Synthetic Routes and Method ...................................................................... 43 
5.4.1  Synthetic routes .......................................................................................... 43 
5.4.2  Synthetic Method ....................................................................................... 44 















5.6 Discussion .............................................................................................................. 63 
Chapter 6 Summarization and Prospect ............................................................. 66 
6.1 Celastrol ................................................................................................................ 66 
6.2 Design of Derivatives of Celastrol ....................................................................... 66 
6.3 Biological Evaluation of Derivatives of Celastrol .............................................. 66 
6.4 Methodological Research of Addition of Celastrol and Indoles ....................... 67 
6.5 Prospect ................................................................................................................. 67 
Reference ............................................................................................................................ 68 
Appendix 1H-NMR, 13C-NMR, HR-MS Spectra of Derivatives of Celastrol
 ................................................................................................................................................ 73 
Published papers .............................................................................................................. 97 































英文缩写 英文全名 中文名称 
NR Nuclear receptor 核受体 
DBD DNA binding domain DNA 结合域 
LBD Ligand binding domain 配体结合域 
HBD Hormone binding domain  激素结合域 
HRE Hormone response element 激素应答元件 
NurRE Nur77 Response Element Nur77 应答元件 
NGFI-B Nerve growthfactor-induced gene B 神经生长诱导因子 
VEGF Vascular endothelial growth factor 血管内皮生长因子 
MTT 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- 
phenytetrazoliumromide 
噻唑蓝 
WB Western blot 蛋白质印迹法 
EC50 50% Effective concentration 半数有效期 
NMR Nuclear magnetic resonance 核磁共振 
HRMS High-resolution mass spectrometer 高分辨质谱 
HPLC High Performance Liquid Chromatography 高效液相 
TLC Thin layer chromatography 薄层色谱 
m.p. Melting point 熔点 
AR Analytical reagent 分析纯 
Hex Hexane 正己烷 



























化性质问题，并且化合物可在维持结合能力（Kd = 386 nM）基本不变的前提下大大降
低了细胞毒性，并且保持雷公藤红素原有的抗炎活性。 





























Orphan nuclear receptor Nur77 as an important member of the nuclear receptor 
superfamily, has not been reported existing endogenous ligand so far. Nur77 plays an 
important role in the survival, proliferation and metastasis of tumor. Under the effect of some 
antitumor drugs, they can induce the expression of Nur77 protein, which leads to the apoptosis 
of tumor cells.  
The natural product, Celastrol, is extracted from the rhizome of traditional Chinese herbal 
medicine Tripterygium wilfordii and is a pentacyclic triterpenoid compound. Studies have 
shown that Celastrol has multiple roles so far: In the previous study, we found that Celastrol 
could target Nur77, which could cause the function of downstream signal pathway, and play 
an important role in anti-inflammatory and promoting apoptosis. 
In this study, a series of derivatives of Celastrol were designed and synthesized by 
targeting Nur77. The binding mode of Celastrol and Nur77 was studied by combination of 
computer simulation of molecular docking and chemical synthesis. The important role of polar 
groups at both ends of the molecule was preliminary determined. At the same time, through 
the structural transformation, we want to achieve molecules which have better binding capacity, 
better anti-inflammatory, anti-tumor effect, reducing toxic side effect and solving its poor 
water solubility and other obstacles to its druggability. The results showed that the compound 
XS-0284 could greatly reduce the cytotoxicity under a good binding capacity (Kd = 386 nM), 
and maintain the original anti-inflammatory activity of Celastrol. 
At the same time, during the research process of the synthesis of Celastrol, we  
developed a synthetic method of Celastrol and indole in the C6 position of Celastrol: 1 mmol% 
of aluminum trichloride hexahydrate, methylene chloride as solvent, air conditions, room 
temperature reacting 3 hours. The new method has advantages compared with the previous 
report: 1) the catalyst is easy to obtain, less toxic, easy to store, the usage amount is small, and 
is conducive to mass production; 2) it does not need harsh reaction condition and anhydrous 
anaerobic system; 3) reaction time is greatly shortened at room temperature for 3 hours, much 
less than the original reaction method 24 hours; 4) product is single, is conducive for 
purification. The yield is much higher than before, increased to 20-99%. 
 



























































植物——雷公藤（Trypterigium wilfordii，又叫做 Thunder of God Vine）根系提取
物的主要成分。大量研究报道，使用雷公藤红素对于许多炎症和癌症模型具有疗
效。 
1.2  核受体 

















































其作用独立于 LBD 区域与配体的作用之外。DBD 与 LBD 两个区域通过一个铰
链区域连接，这个铰链区域也是可变的，并且经常包含位于羧基端到 DBD 区域
之间的 DNA 双螺旋结合区域，被称为羧基端延展区域（CTEs）[17]。LBD 区域
由于所在位置既有配体结合又有共激活派生的序列反应，已经成为药物研发的主
要焦点[18]。LBD 区域在某些情况下也可以在核受体表面形成同源二聚体或异源





1.3  孤儿核受体 Nur77 与疾病 


















随其后的是 DNA 结合域（DNA binding domain，DBD）和配体结合域（ligand 
binding domain，LBD），羧基端区域编码转录激活域（activation function，AF-
2）[26, 27]。近期研究表明，AF-1 在调节 Nur77 的转录活性中发挥主要作用，
而 AF-2 却是可有可无的[28]。Nur77 和与其密切相关的蛋白 Nurr1（又被成为
RNR-1，TINUR 和 HZF-3）以及 NOR-1（MINOR，CHN 和 TEC）在核受体
超家族中形成了一个独特的亚家族[29-32]。由于这些受体没有生理学上的配体，
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